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 Abstract 
A simple Schaefer model was tested on the Greenland halibut stock offshore in NAFO SA 0 and 1.  The 
minimum data required for this model is a catch time series and a measure of the resilience of the 
species. Other input parameters that had to be guessed  were the carrying capacity, the biomass as a 
fraction of the carrying capacity at both the beginning and end of the time series, and the growth rate. 
MSY was estimated to be between 19 000 and 23 000 t. Sensitivity tests showed that the estimation of 
MSY was heavily dependent on the guess of especially the biomass at the end of the time series and the 
growth rate.  
The model assumptions and limitations were discussed. 
 
Introduction 
The Schaefer surplus production model requires as a minimum input time series data of abundance 
and removals in order to estimate the carrying capacity Κ and the maximum rate of population 
increase r for a given population in a given ecosystem (ICES, 2012). Martel and Froese (2013) 
developed a  simple Schaefer model, in which the minimum required data is a catch time series 
from a specific area (a unit stock where the population is closed to immigration and emigration) 
and the resilience of the species. The model also requires the depletion levels for the population 
that are described with λ0 as the initial depletion level and λ1 and λ2 as lower and upper bounds 
for current depletion levels. The depletion levels, if they are not known, need to be “guessed” or 
approximated based on previous knowledge of the population, and are expressed as a fraction of 
the carrying capacity K. Again carrying capacity K is “guessed” and assumed to fall within the range 
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Fmsy=1/2*r 
of maximum catch (Cmax), in the available time series, to certain times the Cmax (e.g. K=Cmax-30*Cmax). 
The choice for the K upper limit depends on personal decision and the knowledge of the stock. 
Additional process error can be added to the model if desired. 
 
The model uses as input data biomass estimates (initial and final in the time series), carrying 
capacity, growth and commercial catch data. Because only a narrow range of r-K combinations can 
maintain the population, i.e. that the population does not collapse or exceed the carrying capacity 
resulting in final stock sizes between λ1 and λ2, a value of 1 is assigned for the eligible pairs. 
Afterwards, based on the range of the r-K pairs assigned with 1, MSY and other management 
quantities are calculated from the viable parameter combination. Table 1 shows the details of the 
model. 
 
 
Table 1: Production model and management parameters used by Martel and Froese (2013) 
 
Data 
Ct observed catch from t=1 to t=n years 
Resilience 
λ0 depletion level in year 1 
λ1, λ2 lower and upper bounds for depletion level 
σν process error standard deviation 
 
Parameters 
Θ={k,r} 
Initial states t=1 
Bt=λ0*k*exp(ν t) 
Dynamic states t>1 
Bn+1 = [Bt + r Bt (1 -t/k)-ct] exp(m t) 
Likelihood 
L(Θ|Ct)=1 
=0 
Prior densities 
p(log(k)) uniform(log(l k),log(u k) 
p(log(r))  uniform(log(l r),log(u r) 
p(ν t) normal (0,σν) 
Management quantities 
MSY=1/4 r*k 
Bmsy=1/2*k  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
λ1≤Bn+1/k≤λ2 
λ1>Bn+1/k>λ
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Model implementation 
 
The model is programmed in the software R and is readily available in the publication by Martel and 
Froese (2013). In order to conduct the analysis for Greenland halibut, we used commercial catch data from 
NAFO areas 0+1 between 1965 and 2013. No estimation for the intrinsic rate r for Greenland halibut is 
available, but generally Greenland halibut is characterized as a “low resilience” species with r between 
0.05-0.5. Musick (1999) constructed a guideline for categorizing productivity of endangered species 
based on intrinsic rate r, von Bertalanffy K, fecundity, age at maturity and maximum age. Based on this 
guideline, Greenland halibut falls in the “low” productivity category and this is how w e  treat it in the 
model. However, as the model highly depends on the “unknown” input parameters there was also 
conducted a sensitivity analysis for the range of the carrying capacity K, the initial and final biomass and 
the resilience. 
 
MSY from catch and resilience 
 
Model results 
 
We run the catch-MSY model  with a  combination of input parameters that in our opinion, is most in line 
with what is known for Greenland halibut biology and the stock status. W e  present six scenarios, a 
combination of two levels of r and three different ranges in carrying capacity K. The input parameters of 
the s i x  scenarios are presented in Table 2  a n d  3 .  
 
Table 2: Input parameters and reference points produced with the catch-MSY method. Low r. 
Input parameter Senario 1 Senario 2 Senario 3 
Initial B/K 0.5 - 0.9 0.5 - 0.9 0.5 - 0.9 
Final B/K 0.5 – 0.7 0.5 – 0.7 0.5 – 0.7 
Growth rate r 0.05 – 0.3 0.05 – 0.3 0.05 – 0.3 
Carrying capacity K Cmax-15*Cmax Cmax-30*Cmax Cmax-50*Cmax 
Reference points    
Mean MSY 20626 18899 19078 
MSY +/- 2*SD 13758 - 30922 10857 - 32898 11153 - 32634 
Mean Fmsy 0.123 0.091 0.094 
Fmsy +/- 2*SD 0.073 – 0.207 0.039 - 0.213 0.042 – 0.210 
Mean Bmsy 167951 208059 203778 
Bmsy +/- 2*SD 123025 - 229285 126932 -341038 1275765 - 325496 
 
In scenario 1-3, the model is run with a low input growth rate (r= 0.05-0.3) with three different values of 
Carrying capacity K (Table 2). The possible combinations of r-K gives a range for r between geometric mean 
0.246 and 0.187 for the lowest and highest K value respectively and geometric mean of K between 335902 
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tons  for the lowest input K and 416118 tons  for the medium input K (407566 tons for the highest input k). 
(K=mean BMSY*2, r= mean Fmsy*2, respectively). The MSY is estimated to 20626 tons, 18899 tons and 
19078, respectively.  The output of the run with low r and  medium K (Cmax-30*Cmax)  is shown in fig 1.  
 
 
Figure 1 : Graphic output from the catch-MSY method for scenario 2 . (a) Shows the time series of catches with overlaid 
estimate of MSY (bold) and the limits that contain about 95% of the estimates. (b) Frames the prior uniform distribution of r 
and k; the black dots shoe the r-k combinations that are compatible with the time series of catches. (c) Is a magnification of 
the viable r-k pairs in log space, with the geometric mean MSY estimate (bold) ±2 SD overlaid. (d-f)Show the posterior 
densities of r,k and MSY, respectively where geometric mean ±2SD are indicated. 
 
 
In scenario 4-6, the model is run with a high input growth rate (r=0.15-0.45) with the three different values 
of Carrying capacity K (Table 3). The possible combinations of r-K gives a geometric mean of r on 0.353, 
0.366 and 0.351, respectively and geometric mean of K between 262147 tons, 25501 tons and 264060 tons, 
respectively. MSY is estimated to 23141 tons,23332 tons and 23140 tons, respectively. The output of the 
run with high r and  medium K (Cmax-C30*Cmax)  is shown in fig 2. 
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Table 3: Input parameters and reference points produced with the catch-MSY method. High r. 
Input parameter Senario 4 Senario 5 Senario 6 
Initial B/K 0.5 - 0.9 0.5 - 0.9 0.5 - 0.9 
Final B/K 0.5 – 0.7 0.5 – 0.7 0.5 – 0.7 
Growth rate r 0.15 – 0.45 0.15 – 0.45 0.15 – 0.45 
Carrying capacity K Cmax-15*Cmax Cmax-30*Cmax Cmax-50*Cmax 
Reference points    
Mean MSY 23141 23332 23140 
MSY +/- 2*SD 16323 - 32807 16698 – 32603 16271 - 32909 
Mean Fmsy 0.177 0.183 0.176 
Fmsy +/- 2*SD 0.104 – 0.301 0.113 – 0.298 0.103 – 0.300 
Mean Bmsy 131074 127501 132030 
Bmsy +/- 2*SD 91303 - 188169 91792 - 177102 91939 - 189604 
 
 
 
 
Figure 2 : Graphic output from the catch-MSY method for scenario 4 . (a) Shows the time series of catches with overlaid 
estimate of MSY (bold) and the limits that contain about 95% of the estimates. (b) Frames the prior uniform distribution of r 
and k; the black dots shoe the r-k combinations that are compatible with the time series of catches. (c) Is a magnification of 
the viable r-k pairs in log space, with the geometric mean MSY estimate (bold) ±2 SD overlaid. (d-f)Show the posterior 
densities of r, k and MSY, respectively where geometric mean ±2SD are indicated. 
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Sensitivity analysis of catch-MSY method 
 
The sensitivity runs are made on catch data from 1965-2011. The results of the sensitivity analysis for the 
catch-MSY method are presented in Appendix A, Table 1. However, the representation in Appendix A is 
not easy to read and it is difficult to understand, how the input parameters affect the outcome of the 
method. In order to illustrate graphically the sensitivity of the parameters, a  high and a low value was 
chosen  for each of the input parameters and for each of the selected pair (high and low value). Eight 
different combinations of the other input parameters and compared the obtained values of MSY were 
tested. 
The parameter combinations for the sensitivity analysis for the initial B/K ratio are illustrated in Table 4 and 
the results of each combination in Figure 3. The results illustrate a very low divergence indicating that the 
value of the initial B/K does not affect the outcome of the model. Table 5 shows the parameter 
combinations used in the sensitivity analysis for the final B/K ratio and Figure 4 illustrates the results. In 
contrast with the initial B/K ratio, the final B/K ratio shows a very high convergence between the high and 
the low value. When a high final B/K ratio is chosen the value of MSY is increased by around 5000- 6000 t 
compared with a low value of final B/K ratio. 
Table 6 shows the parameter combinations used in the sensitivity analysis for the intrinsic growth r and 
Figure 5 the results. In six of the scenarios, the value of MSY is around 3000-5000 t higher when a high r 
value is used, whereas in two of the scenarios (2 and 6) the increase of the MSY value, when the high r is 
used, is around 1500-2000 t. Table 7 shows the parameter combinations used in the sensitivity analysis for 
the carrying capacity K. The results in Figure 6 show lower convergence and in half of the scenarios, where r 
has a high value, the effect of K is negligible. The effect of parameter is opposite to that of the other 
parameters, meaning that a low value of K gives higher estimation of MSY, of around 2000-3000 t, compared 
with a scenario with a high K value. 
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Table 4: Input parameters of the sensitivity analysis for the initial B/K ratio. For all 8 scenarios, MSY has been obtained and 
compared for the two values of the initial B/K ratio (high and low) combined with the given range for the other parameters. 
 
1 2 3 4 5 6 7 8 
Initial 0.7-0.9 0.7-0.9 0.7-0.9 0.7-0.9 0.7-0.9 0.7-0.9 0.7-0.9 0.7-0.9 
B/K 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 
Final 0.5-0.7 0.5-0.7 0.5-0.7 0.7-0.5 0.2-0.5 0.2-0.5 0.2-0.5 0.2-0.5 
B/K 
r 0.2-1 0.2-1 0.05-0.5 0.05-0.5 0.2-1 0.2-1 0.05-0.5 0.05-0.5 
K Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
 
Figure 3: Sensitivity analysis for the initial B/K. For each scenario is presented the estimated MSY with a high and    
low initial B/K and the mean of the two values. Different scenarios represent different parameters combinations. The 
bars indicate the value of MSY using the two different B/K ratio values and the black dot the median value. 
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Table 5:  Input parameters of the sensitivity analysis for the final B/K ratio. For all 8 scenarios, MSY has been obtained 
and compared for the two values of the final B/K ratio (high and low) combined with the given range for the other 
parameters. 
 
1 2 3 4 5 6 7 8 
Initial 
B/K 
Final 
B/K 
r 
K 
0.7-0.9 0.7-0.9 0.7-0.9 0.7-0.9 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 
0.5-0.7 0.5-0.7 0.5-0.7 0.5-0.7 0.5-0.7 0.5-0.7 0.5-0.7 0.5-0.7 
0.2-0.5 0.2-0.5 0.2-0.5 0.2-0.5 0.2-0.5 0.2-0.5 0.2-0.5 0.2-0.5 
0.2-1 0.2-1 0.05-0.5 0.05-0.5 0.2-1 0.2-1 0.05-0.5 0.05-0.5 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
 
 
 
Figure 4: Sensitivity analysis for the final B/K. For each scenario is presented the estimated MSY with a high and low final 
B/K and the mean of the two values. Different scenarios represent different parameters combinations. The bars indicate the 
value of MSY using the two different B/K ratio values and the black dot the median value. 
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Table 6: Input parameters of the sensitivity analysis for the intrinsic growth r. For all 8 scenarios, MSY has been obtained and 
compared for the two values of r (high and low) combined with the given range for the other parameters. 
 
1 2 3 4 5 6 7 8 
Initial 
B/K 
Final 
B/K 
r 
K 
0.7-0.9 0.7-0.9 0.7-0.9 0.7-0.9 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 
0.5-0.7 0.5-0.7 0.2-0.5 0.2-0.5 0.5-0.7 0.5-0.7 0.2-0.5 0.2-0.5 
0.2-1 0.2-1 0.2-1 0.2-1 0.2-1 0.2-1 0.2-1 0.2-1 
0.05-0.5 0.05-0.5 0.05-0.5 0.05-0.5 0.05-0.5 0.05-0.5 0.05-0.5 0.05-0.5 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
 
 
 
 
 
 
 
 
 
 
Figure 5: Sensitivity analysis for the intrinsic growth r. For each scenario is presented the estimated MSY with a high and 
low r and the mean of the two values. Different scenarios represent different parameters combinations. The bars indicate 
the value of MSY using the two different r values and the black dot the median value 
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Table 7: Input parameters of the sensitivity analysis for the carrying capacity K. For all 8 scenarios, MSY has been obtained 
and compared for the two values of K (high and low) combined with the given range for the other parameters. 
 
1 2 3 4 5 6 7 8 
Initial 
B/K 
Final 
B/K 
r 
K 
0.7-0.9 0.7-0.9 0.7-0.9 0.7-0.9 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 
0.5-0.7 0.5-0.7 0.2-0.5 0.2-0.5 0.5-0.7 0.5-0.7 0.2-0.5 0.2-0.5 
0.2-1 0.05-0.5 0.2-1 0.05-0.5 0.2-1 0.05-0.5 0.2-1 0.05-0.5 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
Cmax- 
30*Cmax 
Cmax- 
10*Cmax 
 
 
 
 
 
 
Figure 6: Sensitivity analysis for the carrying capacity K. For each scenario is presented the estimated MSY with a high and 
low K and the mean of the two values. Different scenarios represent different parameters combinations. The bars indicate 
the value of MSY using the two different K values and the black dot the median value.
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Discussion 
 
MSY from catch and resilience 
 
Input parameters 
 
The model developed by Martel and Froese (2013) is built on a simple surplus production model that 
uses removal data and estimates of the carrying capacity K and intrinsic growth r of the stock as input 
parameters. As the carrying capacity K and the intrinsic growth rate r are not exactly known, r-K pairs 
from the given distribution of these two parameters, are randomly selected and the model accepts the 
ones that do not result in a stock collapse or exceed the carrying capacity, resulting in a final biomass 
within the depletion level limits. 
In the implementation of the model, the upper limit of the carrying capacity K, was chosen to be 15, 
30 and 5 0  times the maximum catch in the time series , meaning a carrying capacity of around 420000 
t, 840000 t and 1 4 0 0 0 0 0  t, respectively. The choice of these three different upper limits is based 
on rough estimates of Greenland halibut biomass in areas 0+1 and runs with K <15* max catch.  
In the sensitivity runs of the model data from 1965-2011 were used, and the upper limit of the 
carrying capacity K, was chosen to be 10, 20 and 30 times the maximum catch in the time series 
(27000 t), meaning a carrying capacity of around 270000 t, 540000 t and 810000 t respectively.  
For the intrinsic growth rate of Greenland halibut no estimations are available, but based on what 
is known of the species biology, it is believed to be a low resilience species. T h e  a n a l y s i s  w a s  
a l s o  conducted with very low and medium resilience in order to assess, how the choice of 
growth rate impacts the model outcome. Another important input parameter to the model is the 
depletion level in the beginning and in the end of the time series, expressed as a B/K ratio. For the two 
scenarios presented, the range of the initial and final depletion was set be 0.5-0.9 K and 0.5-0.7 K 
respectively. The reason for choosing these depletion levels is that in the beginning of the available 
time series, the total catches of Greenland halibut were around 1700 t, which is very low compared to 
the maximum catch, being around 27000 t in 2010. Therefore, a very low depletion level could be 
assumed and a stock close to the virgin biomass. For the last year of the time series, where the 
catches are close to 27000 t, a higher degree of depletion is assumed compared to the first year of 
the time series. The CPUE are rather stable with a slight increase and the rough biomass 
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estimation for areas 0+1 is also rather stable (however CPUE is not always proportional to stock 
biomass, as new more effective gears could be the reason for CPUE increase) and therefore the final 
depletion level can be assumed to be as previously stated. However, as the stock size of Greenland 
halibut is not known, it is hard to accurately define the depletion level. There were also Therefore 
conducted analysis for different depletion levels in order to see how this affects the model output. 
 
Model assumptions and limitations 
 
The model is based on the classic Schaefer surplus production, in which the overall effects of 
recruitment, growth and mortality are pooled into a single production function. That type of biomass 
dynamics model ignores the age structure of the stock and does not consider individual growth, 
recruitment or the vulnerability of the fish to the fishing gear (Hilborn and Walters 1992; Haddon 2011). 
The population is defined through the intrinsic growth rate r and the carrying capacity K. Both factors 
are assumed to be constant for all the years in the time series, and therefore environmental changes 
that could affect the growth rate and the carrying capacity of the population are not considered. 
However, as Greenland halibut is a deep water species living in temperatures between 0-6 oC and their 
larvae being bathypelagic (Bowering and Nedreas, 2000; Jørgensen, 2012), one can assume that its 
environment is relatively stable and buffered from environmental changes. Therefore a constant growth 
rate and carrying capacity can be assumed for the purpose of this work. Another aspect of the model is 
that it ignores the spatial structure of the stock, which is assumed to be closed to emigration and 
immigration. Greenland halibut in West Greenland is assessed at a separate stock, but it probably closely 
connected to the stock in NAFO SA 2 and 3 and may be also to the stock at East Greenland (Boje, 2002). In 
these runs it is assumed to be a separate stock. 
 
The surplus production of the stock represents the biomass increase in the absence of fishing, or the 
amount of catch that can be taken, assuming that the stock is in equilibrium. Martel and Froese (2013) 
in their model do not assume equilibrium status for the stock but they assume constant r and K values. 
Furthermore, in the production equation, a symmetric relationship between surplus production and 
biomass is assumed, meaning that the surplus production is zero when the population is zero or when 
the population is equal to K due to density dependence, and maximum at a biomass of K/2, where K/2 is 
the Bmsy. However, it is known that the relationship of the surplus production and carrying capacity can 
be asymmetric and therefore a parameter could be added, in order to skew the relationship, but the 
estimation of the skeweness is hard to conduct (Hilborn and Walters, 1992). 
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Another limitation of the model is that it only includes a process error, meaning that the catch is 
assumed to be measured without an error and all errors are attributed to the functional relationship 
between population growth rate and population size. Polacheck et al. (1993) compared three different 
application methods of biomass dynamic models: the equilibrium, process error and observation error 
method and applied from the methods for researching different fisheries. The results revealed that the 
observation method performed the best, wherea s the process error method, even though operated 
better than the equilibrium method, proved to be very imprecise. Therefore, it seems that the addition 
of observation error could make the model more robust. Finally, the most critical limitation of the model 
is that all the input parameters: the intrinsic growth rate, carrying capacity K and depletion levels for the 
first and for the final year of the time series are not known, but are approximated based on the available 
knowledge and therefore the estimation procedures are highly model dependent. 
 
Model results 
 
The six senarios are cominations of two levels of r and three levels of carrying capacity ranging from 
420000 to 1400000 tons. In the runs with the low input r range (r=0.05-0.3) all output parameters are 
relatively stable (MSY : 19000 – 20600 tons, K: 336000 - 416000 t and r: 0.182- 0.246). In the runs with 
high  input r range (r= 0.15-0.45) all output parameters were also relatively stable (MSY: 23332-23140 t, 
K: 262000-336000 t and r: 0.351 - 0.366). Indicated that model is rather insensitive to the input carrying 
capacity. However, a run with  (Cmax-10*Cmax)  showed that the possible combinations of r-K produced 
are distributed in the upper corner of the panel, indicating a too low upper limit given for K. 
 
In both r scenarios the r-K plot follows the expected typical pattern, in which, while the value of r is 
increasing, the number of viable r-K pairs is declining. This is most pronounced with the high r 
values (fig 1 and 2 panel b). This is due to the fact that a  high value of r can cause strong fluctuations 
in stock size, which is associated with risks of overshooting the carrying capacity or collapsing the stock 
(Martel and Froese, 2013). The low r also gives a wider distribution of K an MSY (Fig. 1 and 2 panel e and 
f). The low r input value also produces a wider range of K (Fig. 1 and 2 panel d) and a K value close to what 
is the maximum swept area biomass i.e a large population with a low growth rate a relatively low MSY. 
  
As previously mentioned, the model depends on the “unknown” input parameters and therefore it was 
important to investigate, how sensitive the model  is  when the value of the parameters vary.  The 
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depletion level of the stock for the first year in the time series seems to have no effect on the estimation of 
MSY, but all the other parameters are affecting the model outcome. That seems logical, as it does not 
really matter what the stock size was 50 years ago. The two parameters that seem to affect the model 
outcome the most are the depletion level for the last year in the time series i.e. the present stock status, 
and the intrinsic growth rate. In order to a combination of r-K to be accepted by the model, the stock 
size in the last year of the time series needs to fall within the depletion level limits. In the case, where 
the depletion is high (low B/K ratio), the model gives a lower range for the carrying capacity K and a 
similar growth rate as for a low depletion. That means that during the iterations the production model, in 
order to explain the catch time series in combination with the high final depletion, gives estimates for the 
stock to be of a smaller size but with a relatively high growth rate.  MSY is the product of 1/4r*K, the 
estimated MSY is lower in cases of assumed high current exploitation.  
 
When the model is run with a high growth rate (medium resilience), even though the prior 
distribution of the carrying capacity -is the same  with the model run with low growth rate, the posterior 
range for K is much lower. This stock with assumed higher growth rate, in order to be compatible with 
the catch time series and not collapse or exceed the carrying capacity, must be of a smaller size. 
Therefore even though the stock is smaller, as it grows faster and can recover faster from the fishing 
pressure, a higher MSY is estimated compared to a stock with low growth rate. The effect of carrying 
capacity combined with high growth rate is negligible. This is due to the fact that in the case of a higher 
growth rate, independently of the given value of the carrying capacity, the possible r-K combinations 
consist of lower values of K and therefore small difference in the MSY value is produced. On the 
opposite side, when the growth rate is low, the carrying capacity affects the model outcome, but in 
the opposite way than the other parameters.  
 
The conducted analysis indicates that the choice of the appropriate range for the current depletion 
level, growth rate and carrying capacity is very crucial, as they highly affect the estimated reference 
points and consequently any decisions based on the results. However, the way the model estimates 
are affected by the input parameters seem to follow the common sense of population dynamics and 
therefore are as would be expected. 
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Application of the model 
 
Biomass dynamics models have traditionally been the major assessment tool for many fisheries, 
particularly for the tuna agencies (ICCAT and IATTC). Even though they have been widely used in the 
past, more recently they have been looked down upon as poor cousins of the age-based models. The 
reason is that biomass dynamic models tend to fail to produce reasonable estimates for effort and MSY. 
However that cannot be due to model failure, but due to poor contrast between fishing effort and stock 
abundance (usually expressed as CPUE). The same type of data failure could cause an age-based model 
to fail (Hilborn and Walters, 1992). 
The new catch-MSY method developed by Martel and Froese (2013), instead of using CPUE and fishing 
effort data that used to cause problems, is based on catch data. As the method is new, it is not yet 
widely used for stock assessments and its accuracy is not verified. The IOTC (Indian Ocean Tuna 
Commission) has recently used this method in order to assess the status of two neretic tuna species 
(Zhou and Sharma, 2013). Martel and Froese (2012) compared the MSY estimates produced with the 
catch-MSY method to MSY estimates from full stock assessments for 48 stocks from the Northeast 
Atlantic and 98 stocks from all  over the world.  A log-log linear comparison of the MSY estimates 
revealed that the catch–MSY estimates fell within the range of 0.5-1.5 of the independent estimates. 
Only in six cases the Catch-MSY estimate was significantly different from the full assessment estimate, 
and that was because the stocks were very lightly exploited and therefore the catch data in these cases 
did not contain sufficient information on the stock productivity (Figure 8 and Figure 9). Therefore, it is 
very important when the Catch-MSY tool is used that the catches reflect the stock productivity. When 
the estimated carrying capacity K was compared with the unexploited total biomass for all stocks, the 
catch-MSY method overestimated the carrying capacity and related biomass reference points by about 
10%. Moreover, the comparison of r with Fmsy fall below the 1:2 line of the relationship between r and 
Fmsy. However, a better match was obtained when r was compared with the conservative F0.1 from Y/R 
analysis. The authors concluded that the method’s estimation of MSY is fairly robust and in agreement 
with the MSY estimates derived from full stock assessment methods and the bias of r and K is 
precautionary, as it suggests higher thresholds for biomass and lower thresholds for fishing mortality. 
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Figure 8: Plot of MSY estimated by the Catch-MSY 
method vs. full stock assessments for 48 stocks from 
the Northeast Atlantic. The broken line indicates 
the 1:1 relation, while the dotted lines indicate 
ratios of 0.5 and 1.5 respectively. 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Plot of MSY estimated by the Catch-MSY 
method vs. full stock assessments for 98 global 
stocks. The broken line indicates the 1:1 relation, 
while the dotted lines indicate ratios of 0.5 and 1.5 
respectively. The six outliers in the lower-right 
section of the graph are very lightly exploited stocks 
 
 
 
 
 
 
However, the authors did not discuss the fact that the estimates of MSY using the catch-MSY 
tool fell within the range of 0.5-1.5 of the independent estimates, due to the fact that they were 
plotted on a log scale. Therefore, the relationship produced is simply a feature of the fact that the 
stocks examined differ by several orders of magnitude (Cook, 2013). In order to observe this 
model’s weakness, it was implemented, using the default values for the input parameters Martel 
and Froese (2013) used in their paper, for seven different fully assessed stocks managed by ICES. 
The model output for the estimation of MSY in some cases was close to the ICES estimation of 
MSY, whereas in other cases the difference was significant. However, once these values were 
transformed into a log scale the difference between the estimated values became small and the 
plot of the two MSY estimates resulted in a fit within the range of 0.5-1.5. Indeed the 
transformation of the MSY estimate into log scale hid the model’s inability of producing 
relatively accurate MSY estimates.  However, i t  w a s  also noticed that in the cases, where 
the difference of the MSY values was large, the current stock status was different than the one 
computed by the model using the default settings, which probably was the reason behind the 
failure. As Martel and Froese (2013) mentioned in their paper, the default values are not 
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recommended for serious stock assessment and the best available knowledge about the 
respective stock should be used. Therefore, for the stocks with the greatest divergence in the 
MSY estimates, the current depletion level was changed to be according to the current stock 
status, and consequently the model outcome improved yielding results closer to the ICES MSY 
estimates. It should also be noted that the estimations of natural mortality and r were taken from 
Fishbase and the model was run only twice for each stock using only the available information 
on stock status available in the ICES assessment reports without any further information on the 
stocks. Therefore i t  i s  believe that if more information and time was used for testing the 
model, as conducted in the case of Greenland halibut, the model outcome would also be better. 
 
When ageing of the fish is not possible or highly biased, as is the case with Greenland halibut, an age- 
based analysis is often not practical and the use of a biomass dynamics model is a better choice. In many 
cases a biomass dynamics model can provide answers that are as useful as or sometimes even better 
than, answers from age based methods and with the fraction of the cost (Jennings et al. 2001; Haddon, 
2011). It is better to think of the two methods as simply different. If a biomass dynamic method provides 
a different answer than an age-based model, one should try to understand why the answers are 
different and analyze the management implications of the different predictions, rather than concentrate 
on deciding which method is correct. 
 
Conclusion 
 
The estimated MSY by the catch-MSY tool, 19000 t – 23000 t, is relatively low compared with the 
TAC, 3 0 000t, set for the stock. The conducted sensitivity analysis revealed, the results of the catch-
MSY tool are highly dependent on the current depletion level assumed for the stock. Assuming a 
precautionary current depletion level in combination with the modeled value for the carrying capacity 
K, a relatively conservative MSY estimation was obtained. If more thorough biomass estimates 
become available in the future, the values for the carrying capacity K and for the depletion level 
could be more precisely set and a more accurate estimate of MSY could therefore be produced. 
 
It should be noted, that all the input parameters used in the different models, i.e. the life history traits, 
carrying capacity K, growth rate r, stock biomass and depletion level are associated with uncertainty and 
their use and the outcome of the models are therefore considered precautionary. Moreover, the model 
applied is newly developed and one needs to be precautionary when utilizing the models, as they are 
not yet validated. Nevertheless, the results of the different models converged, seemingly confirming 
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each other and providing an insight on the stock status, indicating that Greenland halibut is sustainably 
exploited. 
The use of the newly developed catch-MSY method seems to be robust and provide valuable 
information when used with caution. In the case of Greenland halibut, where age-based models fail to 
produce reference points, the precautionary use of the catch-MSY model combined with further 
understanding on the stock dynamics and biology, could lead in a sustainably managed stock. 
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